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resources.	 Among	 strategies	 suitable	 for	 fighting	 such	 challenge,	 intelligent	
packaging	 is	 an	 interesting	 tool	 to	 reduce	waste	derived	 from	households	and	
















the	 environment	 of	 limited	 natural	 resources	 (i.e.	 water,	 energy,	 chemical	
substances	and	materials).	This	 topic	 is	expected	 	gain	attention	 in	the	coming	
years	since	the	world	population	 is	projected	to	 increase	by	almost	one	billion	






FOOD	 initiative).	 In	 the	 UE	 and	 USA	 food	 waste	 reaches	 88	 million	 tonnes	
(FUSION,	 2016)	 and	 133	 billion	 pounds	 (USDA’s	 Economic	 Research	 Service)	
respectively,	with	percentages	between	20	y	40%	of	global	production.	Similar	
percentages	can	be	 found	 in	developing	countries.	The	percentage	of	waste	 is	
strongly	dependent	of	the	kind	of	food	with	values	from	20%	for	beef	meat	to		
35%	 for	 fishery	 products	 or	 45%	 for	 fruits	 and	 vegetables	 (FAO,	 SAVE	 FOOD	
initiative).	 However,	 the	 part	 of	 the	 value	 chain	 responsible	 for	 main	 losses	










essential	 tool	 to	 reduce	 food	 waste.	 Packaging	 has	 become	 an	 essential	
technology	to	ensure	safety	in	the	food	chain,	avoid	undesired	reactions,	satisfy	
consumer	 expectations	 and	 increase	 food	 shelf-live.	 Yet,	 despite	 major	
developments	in	packaging	materials	and	systems,	the	fundamental	principles	of	
packaging	products	 remain	 the	 same.	Among	 the	 tendencies,	 active	packaging	
and	intelligent	packaging	systems	offer	a	huge	potential	to	reduce	food	wastes.		




in	2019	as	products	 such	as	 time-temperature	 indicators	and	smart	 labels	and	
tags	become	more	common.	Moreover,	FOODDRINK	EUROPE,	that	represents	the	














treated	 partially	 in	 other	 regulations.	 In	 absence	 of	 European	 directives,	
guidelines	defined	by	national	or	regional	entities	or	certain	reference	organisms	
or	 associations	must	be	 followed.	Regarding	 European	 regulations	we	 can	 cite	





used	 as	 indicators	 in	 arrays	 or	 other	 smart	 sensors.	 Other	 regulations	 include	




importance	 that	 substances	 present	 in	 intelligent	 packaging	 are	 part	 of	 the	
positive	 lists	 and	 in	 its	 absence,	 that	 the	 application	 system	 (i.e.	 with	 diverse	
coatings)	guarantees	that	there	is	no	contact	nor	migration	of	the	substances	to	






found	 at	 the	 regulation	 EC/450/2009	 about	 active	 and	 intelligent	 materials.	
According	to	EC/450/2009,	intelligent	materials	and	articles	means	materials	and	
articles	 which	 monitor	 the	 condition	 of	 packaged	 food	 or	 the	 environment	
surrounding	 the	 food.	 Intelligent	 packaging	 systems	 are	 those	 that	 possess	
enhanced	function	with	respect	to	communication	and	marketing	functions,	such	
as	 to	 provide	 dynamic	 feedback	 to	 the	 consumer	 on	 the	 actual	 quality	 of	 the	
product.	 The	 indicator	 can	 interact	 with	 internal	 (food	 components	 and	





reduce	 food	 waste.	 Currently,	 the	 static	 “Best	 Before”	 and	 “Use	 By”	 dating	
approach	is	the	standard	in	the	food	industry.	However,	this	is	a	generic	approach	
that	must	be	conservative	 in	order	to	minimize	the	risks	derived	of	the	 logistic	
processes,	 thus	 reducing	 the	 effective	 shelf-live	 of	 foods	 and	 increasing	 the	
consumer	disposal.	It	does	not	inform	about	the	particular	state	of	every	package,	
and	 proves	 invalid	 to	 report	 improper	 meat	 treatment	 during	 distribution	 or	
differences	in	end	users	handling.	If	we	bear	this	particular	aspect	in	mind,	the	
development	 of	 "dynamic	 shelf-life	 systems"	 based	 on	 disposable	 systems	









temperature	 indicators,	 integrity	 sensors,	 and	 freshness	 indicators.	 Although	
there	 are	 several	 developments	 of	 electrochemical	 sensors,	 e-tongues	 and	 e-
noses	 for	 food	 freshness	monitoring	 (Zou	 et	 al.,	 2015),	 in	 general	 this	 kind	 of	






changes	 through	 transparent	 films.	 Few	 technologies	 are	 as	 advanced	 or	 as	
inexpensive	as	visual	imaging.		
The	use	of	single	chromogenic	indicators	have	the	advantage	of	their	simplicity	
but	have	some	 limitations	such	as	 lack	of	specificity	 (offering	 false	positives	or	
false	negatives).	Additionally,	 the	presence	of	certain	 target	metabolites	 is	not	
necessarily	 an	 indication	 of	 poor	 quality	 and	 careful	 correlations	 among	
concentration	of	metabolites	and	organoleptic	quality	and	safety	are	necessary.	









enzymatic	 or	 microbiological	 changes.	 The	 visible	 response	 to	 temperature	 is	
cumulative	 and	 although	 some	 correlations	 can	 be	 established	 between	
temperature	 and	 freshness,	 it	 does	 not	 really	 provide	 information	 about	
biochemical	processes	occurring	in	food.		
Another	approach	is	the	use	of	optoelectronic	noses,	built	by	an	array	of	dyes	able	






meat	 (Kerry	 et	 al.	 2006;	 Realini	 &	 Marcos,	 2014),	 nanoparticles	 in	 packaging	
(Mihindukulasuriya	&	Lim,	2014;	Fuertes	et	al.,	2016)	or	smart	packaging	(Biji	et	
al.,	 2015).	 Intelligent	 packaging	 is	 a	 very	 dynamic	 field	 with	 continuous	
advancements	 and	 reported	 reviews	 do	 not	 generally	 focus	 in	 remarking	 the	
possibilities	of	intelligent	packaging	as	a	tool	to	reduce	food	waste.		
Based	on	the	above	issues	the	purpose	of	this	review	is	to	offer	a	compilation	of	
recent	advances	 in	 intelligent	packaging	systems,	with	a	particular	 focus	 in	the	










































freshness	 indicators,	 it	 can	 be	 found	 three	main	 families	 of	 indicators	 for	 intelligent	



















on	 temperature	 variations.	 They	 offer	 visual	 changes	 that	 are	 accelerated	 with	














Freshness	 indicators	monitor	 the	 quality	 of	 packed	 foods	 by	 reacting	 in	 one	way	 or	
another	 to	metabolites	 generated	 in	 the	 fresh	 food	 product	 as	 a	 result	 of	microbial	
growth	or	metabolism	 (Realini	&	Marcos,	2014).	Chemical	 changes	occurring	 in	 food	
products	during	 storage	are	 indicators	of	 freshness.	Changes	 in	 the	 concentration	of	
metabolites	such	as	glucose,	organic	acids	(e.g.	 l-lactic	acid),	ethanol,	carbon	dioxide,	






that	 monitor	 food	 freshness	 through	 the	 detection	 of	 these	 metabolites	 has	 been	











The	 following	 three	 examples	 are	 also	 commercial	 products	 currently	 discontinued.	




attached	 to	 a	 membrane	 forming	 part	 of	 a	 barcode	 (Goldsmith	 et	 al.,	 1999).	 The	




























nylon	 layer	 was	 laminated	 with	 white-coloured	 low-density	 polyethylene	 to	 form	 a	
double-layered	 structure	 with	 gravure-printed	 colour	 indicators.	 Films	 contained	
bromocresol	purple	and	methyl	red	as	chemical	dyes.		
Nopwinyuwong	 et	 al.	(2010)	described	a	colorimetric	mixed	pH	dye-based	on-package	




spoilage	 metabolite	 in	 trials	 on	 golden	 drop,	 a	 typical	 intermediate-moisture	 Thai	






et	al.	 (2013)	based	on	bromophenol	blue.	The	dye	was	 immobilized	onto	a	 cellulose	
membrane	by	absorption,	and	changes	from	blue	to	green	were	observed	when	the	pH	
decreased	as	consequence	of	the	over-ripping	of	guava	due	to	the	production	of	volatile	
organic	 compounds.	 This	 indicator	 could	 be	 used	 to	 determine	 the	 freshness	 of	 the	
guava	 at	 ambient	 temperature	 (28–30	 °C).	 Another	 work	 (Kuswandi	 et	 al.,	 2014)	
described	a	naked-eye	ethanol	biosensor	based	on	alcohol	oxidase	(AOX)	immobilised	































Sun	et	al.	 (2015),	developed	a	method	 to	 improve	 the	sensitivity	of	 the	pH	 indicator	









determine	 fish	 freshness	 of	 Spanish	mackerel,	 through	 the	 detection	 of	 the	 volatile	
organic	chemicals	(VOCs)	released	from	the	rotten	fish	muscle.	
Following	 the	 optoelectronic	 nose	 patented	 by	 Suslick	 et	 al.	 (2000)	 in	 which	 pH	
indicators	 and	 metalloporphyrins	 are	 used	 for	 the	 detection	 of	 volatile	 organic	
compounds,	Huang	et	al.	(2011)	designed	a	colorimetric	sensor	array	by	printing	nine	
selected	dyes	(three	pH	sensitive	-	bromocresol	green,	bromocresol	purple,	and	cresol	
red-	 and	 six	metalloporphyrins)	 on	 a	 reverse	 phase	 silica	 gel	 plate	 to	 detect	 volatile	
compounds	typically	occurring	during	fish	spoilage	(i.e.	fish	of	chub	-Figure	4c).	
In	 another	 work	 (Zaragoza	 et	 al.,	 2013),	 an	 array	 prepared	 using	 five	 indicators	




blue,	 phenol	 red	 and	 a	 dinuclear	 complex	 of	 rhodium)	 were	 correlated	 with	
physicochemical	 and	microbiological	 variations,	 thus	 demonstrating	 the	 feasibility	 of	
this	system	to	help	develop	optoelectronic	noses	for	fish	freshness	monitoring	(figure	
4b).	 In	a	 further	 study	 (Zaragoza	et	al.,	2014),	a	 similar	array	based	on	eight	 sensing	




et	 al.	 (2015),	 also	 developed	 an	 optoelectronic	 nose,	 which	 consisted	 of	 an	 array	




















A	 colorimetric	 sensor	 array	 of	 seven	 indicators	 (CoCl2/SiO2;	 7-diethylamino-4’-
dimethylaminoflavylium/perchlorate/κ-carrageenan;	 thionine/	 κ	 –carrageenan;	 5-
dimethylamino-1-naphthalenesulfonic	 acid/hydroxypropyl	 cellulose	 (HPC);	 5-
dimethylamino-1-naphthalenesulfonamide/HPC;	 methylene	 blue/HPC;	 methylene	
blue/urea/hydroxyethyl	cellulose)	was	prepared	by	Morsy	et	al.	(2016)	for	the	control	
of	fish	spoilage	at	room	temperature	for	up	to	24	h	and	at	4	°C	for	9	days.	The	authors	
found	 a	 linear	 correlation	 between	 changes	 in	 pH,	 biogenic	 amines	 and	 other	








indicators	 and	metalloporphyrins	 that	 offers	 good	 results	 for	 the	 analysis	 of	 chicken	
meat	(Chen	et	al.,	2014a;	Chen	et	al.,	2014b,	Chen	et	al.,	2016).	The	authors	developed	
a	 system	 by	 printing	 chemically	 responsive	 dyes	 (9	 metalloporphyrins	 and	 3	 pH	
indicators	(bromocresol	green,	bromocresol	purple,	and	neutral	red))	on	a	C2	reverse	
silica-gel	 flat	 plate	 to	 evaluate	 chicken	 freshness.	 Colourful	 difference	 image,	 by	





same	 group	 compared	 for	 the	 same	 colorimetric	 sensor	 array	 the	 predictive	
performances	of	calibration	models	established	by	linear	(PLSR)	and	non	linear	(BP-ANN,	
AdaBoost	BPANN,	and	SVMR)	regression	models.	
Rukchon	 et	 al.	 (2014)	 developed	 a	 colorimetric	 mixed-pH	 dye-based	 indicator	 for	
monitoring	skinless	chicken	breast	spoilage	during	chill	storage	under	aerobic	and	MAP	
conditions.	 CO2	was	 used	 as	 a	 spoilage	metabolite	 correlating	with	microorganisms.	
They	found	a	greater	increase	in	CO2	than	TVB-N	during	the	storage	period.	The	package	
indicator	 contained	 two	groups	of	 pH-sensitive	dyes,	 one	of	which	was	 a	mixture	of	
bromothymol	blue	and	methyl	red,	while	the	other	was	a	mixture	of	bromothymol	blue,	






Related	 to	 chicken	 meat	 packed	 in	 MAP	 (30%	 CO2-	 70%N2)	 Salinas	 et	 al.	 (2012),	
developed	an	array	composed	of	16	sensing	materials	using	the	combination	of	different	
dyes	 (pH	 indicators,	 Lewis	 acids,	 hydrogen-bonding	 derivatives,	 selective	 probes	 to	
certain	 analytes	 and	 natural	 dyes	 (phenol	 red,	 dimethyl	 yellow,	 malachite	 green,	
carminic	 acid,	 m-cresol	 purple,	 curcumin,	 phenolphthalein,	 litmus	 and	 a	 dinuclear	
rhodium	complex	among	others))	with	inorganic	materials	(UVM-7,	silica	and	alumina).	
Colour	changes	of	the	array	were	characteristics	of	chicken	meat	ageing	in	MAP.	
In	 addition,	 the	 same	authors	 also	 explored	 the	monitoring	of	 processed	 food.	 They	
studied	boiled	marinated	turkey	meat	 (Salinas	et	al.,	2014a)	packed	 in	MAP	using	an	
array	 composed	 of	 16	 sensing	 materials	 based	 on	 13	 indicators	 (dimethyl	 yellow,	





green,	 m-cresol	 purple,	 br-cresol	 purple,	 squaraine	 salt	 and	 a	 pyrilium	 salt)	 into	
inorganic	materials	 (UVM-7	and	alumina).	A	good	correlation	of	 colour	 changes	with	










made	 a	 study	 in	 order	 to	 develop	 a	 simple	 and	 rapid	method	 for	 the	 evaluation	 of	






array	 was	 able	 to	 predict	 WOF	 and	 to	 distinguish	 between	 the	 different	 times	 of	
samples’	storage.	
In	pork	samples,	using	the	same	methodology	of	Chen	and	collaborators	(Li	et	al.	2014		
&	2015)	 two	studies	 for	monitoring	pork	meat	 freshness	were	published.	The	sensor	
array	was	fabricated	by	printing	12	chemically	responsive	dyes	(3	pH	indicators	and	9	
metalloporphyrin)	on	a	silica-gel	flat	plate.	It	was	found	a	correlation	of	the	presence	of	
spoilage	metabolites	with	 colour	 changes	of	 the	dyes	obtained	by	difference	 images	
before	 and	 after	 exposure.	 Differences	 between	 the	 studies	 were	 found	 in	 the	
classification	model	and	parameter	optimization	in	the	analysis	of	data.	In	both	studies	
the	authors	concluded	that	the	method	has	high	potential	in	evaluating	pork	freshness.	
Huang	 et	 al.	 (2014)	 developed	 an	 optoelectronic	 nose	 for	 pork	 freshness	 evaluation	
based	on	an	array	with	four	natural	pigments	(extracted	from	spinach,	red	radish,	winter	
















Huang	 et	 al.	 (2014)	 studied	 spoilage	 of	 Yao-meat	 (a	 salted	 pork	 in	 jelly)	 in	 vacuum	
packaging.	In	a	first	study,	in	order	to	monitor	Yao-meat	freshness	the	authors	developed	
an	 array	 consisting	 in	 eight	 porphyrins	 or	metalloporphyrins	 and	 eight	 pH	 indicators	
(gentian	violet,	leucomalachite	green,	thymol,	methyl	yellow,	bromophenol	blue,	congo	
red,	 methyl	 orange	 and	 screened	methyl	 orange)	 and	 were	 able	 to	 correlate	 colour	
changes	with	TVB-N,	TVC,	and	residual	nitrite	(RN).	In	a	second	study	(Xiaowei,	2016),	
also	 for	 Yao-meat	 spoilage	detection,	 some	 indicators	were	 incorporated	 into	 TiO2	 in	
order	to	obtain	a	nanoporous	sensor	array	able	to	detect	the	trimethylamine	(TMA).	The	
sensor	 enabled	 the	 visual	 detection	 of	 TMA	 gas	 from	 10	 to	 60	 ppm	with	 significant	
response.	 Besides,	 the	 same	 authors	 (Xiaowei	 et	 al.,	 2015)	 developed	 a	 colorimetric	
sensor	 array	 made	 by	 printing	 nine	 natural	 pigments	 (from	 Rosa	 chinensis,	 Roselle,	






over	 the	 range	 10–30	 ppm).	 They	 found	 that	 Rosa	 chinensis	 extract	 possessed	 the	




colorimetric	 sensor	 sensitive	 to	 TVB-N	 released	 during	 9	 days	 of	meat	 storage	 under	
refrigeration	at	4 °C	without	modified	atmosphere.	The	indicator	sensor	was	fabricated	
by	 coating	 filter	 paper	 with	 bromophenol	 blue	 via	 centrifugation.	 The	 indicator	 was	
attached	to	the	cling	film	inner	side	facing	towards	the	meat.	The	colour	of	the	sensor	










naked	eye.	 In	order	 to	 test	 this	 concept	 in	 a	more	 realistic	 environment	a	 study	was	















beef	 sample	 as	 control.	 Colour	 modulations	 were	 also	 effective	 for	 monitoring	 the	
microbial	quality	of	the	packaged	meat	and	TVC.	
A	 disposable	 colorimetric	 sensor	 array	 was	 prepared	 by	 Li	 et	 al.	 (2016)	 by	 printing	
various	responsive	dyes	combined	with	a	hand-held	device	for	monitoring	freshness	of	
different	products:	i.e.	chicken,	pork,	beef,	fish	and	shrimp.	The	array	was	made	with	20	
different	 chemical	 mixtures:	 (1)	 1-[4-[[4-(dimethylamino)phenyl]azo]phenyl]-2,2,2-
trifluoro-	+	TsOH;	(2)	Ethanone;	(3)Naphthyl	Red	+	TsOH;	(4)	Bromocresol	Green;	(5)	5,	





AgNO3	 +	 Bromocresol	 Green;	 (19)	 Zn(OAc)2	 +	 m-Cresol	 Purple	 +	 TBAH;	 HgCl2	 +	
Bromophenol	 Blue	 +	 TBAH;	 (20)	HgCl2	 +	 Bromocresol	Green	+	 TBAH.	 The	dispositive	




gaseous	 analytes,	 especially	 sulfides	 and	 amines	 at	 low	 ppb	 levels	 together	 with	
excellent	discrimination	among	meat	types	and	storage	time.	
In	order	to	senseTVB-N	produced	during	chicken	meat	spoilage,	Khulal	et	al.	(2017)	used	
an	 array	 made	 of	 9	 metalloporphyrins	 and	 3	 pH	 indicators	 (bromothymol	 blue,	
bromocresol	green	and	neutral	red)	whose	colour	changes	were	correlated	with	classical	
analytical	tools	(i.e.	spectral	and	textural	data).	The	authors	found	that	this	approach	
reduced	 data	 variables	 but	 not	 the	 original	 information	 and	 improved	 the	 model	
performance	to	evaluate	chicken	meat	freshness.	
3.2.4	Miscellaneous	
Although	 not	 specifically	 prepared	 for	 freshness	monitoring,	we	 include	 here	 recent	
optoelectronic	noses	that	could	potentially	be	used	as	freshness	indicators	due	to	the	
substances	 	 they	monitor;	mainly	 amines	 or	 gaseous	 ammonia	 (table	 5).	 Soga	 et	 al.	
(2013)	 described	 the	 development	 of	 a	 sensor	 made	 by	 combining	 two	 functional	




related	 amines,	 relying	 on	 a	 polarity-based	 approach.	 Seven	 primary	 amines	 with	
decreasing	polarities	were	tested	to	demonstrate	the	performance	of	the	sensor	array.	














silicon	 oxide	 nanofibrous	 membranes	 for	 the	 immobilization	 of	 pH-indicator	 dyes	
(methyl	 yellow	 and	methyl	 red)	 with	 covalent	 bonds.	 This	 support	 displayed	 a	 high	





of	 gaseous	 ammonia.	 The	 authors	 prepared	 bromocresol	 green-impregnated	
polyacrylonitrile	(BCG-PAN)	nanofibers	to	create	a	porous	nanofibrous	structure,	which	
exhibited	 durable	 structural	 stability	 under	 different	 conditions	with	 a	 better	 colour	
uniformity	 than	 porous	 paper.	 Upon	 exposure	 to	 25	 ppm	 ammonia,	 it	 was	 found	 a	
quickly	change	of	the	BCG-PAN	material	from	yellow	to	blue	within	1	min.	Furthermore,	
the	sensor	had	a	detection	limit	by	the	naked-eye	for	ammonia	of	less	than	1	ppm,	good	
selectivity	 against	 common	 volatile	 organic	 solvents	 and	 reversible	 colour	 change	 in	
ambient	conditions.	









extracts	 were	 immobilization	 on	 filter	 paper.	 The	 natural	 flavonoids	 (anthocyanins)	
present	on	red	cabbage	and	rose	act	as	natural	pH	sensors	changing	their	colour	from	

































indicators,	 the	 number	 of	 commercial	 products	 is	 really	 scarce	 and	 in	 several	
cases	their	commercialization	has	been	discontinued.	
One	of	the	main	issues	that	must	be	considered	by	researchers	and	companies	is	














can	 be	 used	 in	 labelling	 and	 this	 issue	 offers	 a	 serious	 barrier	 regarding	 the	





Moreover,	 the	 fact	 that	 the	 labels	 must	 have	 a	 very	 low	 cost	 can	 limit	 their	
commercial	implantation,	in	particular	if	the	added	value	is	not	perceived	by	the	
consumer.	Regardless,	the	fact	that	the	material	should	be	ideally	disposable	also	
impose	 limitations	 to	 the	 types	 of	 supports	 that	 can	be	used.	 Fortunately,	 for	





















in	 line	with	 the	 tendency	of	 Internet	 of	 Things	 sensors	 could	 transmit	 data	 to	
internet	or	to	our	smartphone)	and	reduce	the	cost	tremendously.	




can	 be	 found	 also	 in	 other	 products	 of	 high	 relevance	 such	 as	 cereals,	 dairy	
products,	oilseed,	pulses,	roots	and	tubers	with	more	than	300	millions	of	tonnes	
per	 year	 (FAO,	 SAVE	 THE	 FOOD).	 These	 products	 have	 not	 been	 objective	 of	
studies	 in	 relation	 to	 intelligent	 labelling,	 being	 this	 area	 an	 opportunity	 for	
researchers	in	the	coming	years.	
Finally,	most	 of	 the	 research	 reported	 by	 now	 has	 been	 devoted	 to	 active	 or	
intelligent	 packaging,	 but	 the	 design	 of	more	 advanced	 packaging	 can	 also	 be	
envisioned.	Interactive	packaging,	which	monitors	the	quality	of	the	product	and	
generates	a	signal	that	should	lead	to	a	particular	response	is	still	in	its	infancy.	









In	 conclusion,	 intelligent	 packaging	 can	 be	 a	 fundamental	 tool	 to	 front	 future	
challenges	 and	 reach	 a	more	 sustainable	 society	 by	 reducing	 food	waste.	 The	
change	from	the	standard	"use	by"	date	to	a	dynamic	system	able	to	inform	about	




and	 the	 number	 and	 variety	 of	 sensing	 strategies	 is	 relatively	 limited,	 with	 a	
strong	 presence	 of	 pH	 indicators	 supported	 in	 diverse	 materials.	 This	 kind	 of	
systems	due	to	their	unspecific	character	may	lack	of	enough	selectivity	and	the	
consequent	 robustness.	 Optoelectronic	 arrays	 based	 on	 the	 combination	 of	 a	
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Figure	 3.	 Images	 from	 Nopwinyuwong	 et	 al.	 (2010)	 in	 which	 spoilage	 process	 was	
monitored.	Upper	 side	 shows	 changes	 in	 color	of	 indicator	 label	 in	 response	 to	CO2.	
Bottom	side	packaged	golden	drop	with	food	spoilage	 indicator	 label.	Reprinted	with	
permission	from	Elsevier.	









































SensorQ®	 DSM	 NV	 nd	 Food	 Quality	
Sensor	International	Inc.	
Raflatac	 VTT	and	UPM	Raflatac	
Food	Sentinel	System	 SIRA	Technologies	Inc.	
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Toxin	Guard	 Toxin	Alert	Inc.	
RipeSense	 RipeSense	
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TABLE	2		
Sensor	-	support	 Application	 Reference	
Bromocresol	purple	and	methyl	red	-	
polypropylene	resin	
Kimchi	 Hong	and	Park,	1999	
Bromocresol	purple	and	methyl	red	–	nylon	
films	
Kimchi	 Hong,	2002	
Bromothymol	blue	and	methyl	red	-	
nylon/LLDPE	film	
Golden	drop	 Nopwinyuwong	et	al.,	
2010	
Bromophenol	blue	–	cellulose	membrane	 Guava	 Kuswandi	et	al.,	2013	
Alcohol	oxidase	(AOX)	-	polyaniline	(PANI)	
film	
Halal	fermented	
beverages	
Kuswandi	et	al.,	2014	
Silver	based	yellow	colored	colloidal	
nanoparticle	
Onion	 Sachdev	et	al.,	2016	
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TABLE	3	
Sensor	-	support	 Application	 Reference	
Bromocresol	green	–	polymer	matrix	 Fish	 Pacquit	et	al.,	2007	
Polyaniline	(PANI)	film	 Milkfish	 Kuswandi	et	al.,	
2012	
Ph	indicators	(bromophenol	blue,	cresol	red	
and	metanil	yellow)	improved	by	ph	
regulation	
Spanish	mackerel	
(fish)	
Sun	et	al.,	2015	
6	metalloporphyrins	and	3	ph	indicators	–	
reverse	phase	silica	gel	
Chub	 Huang	et	al.,	2011	
Resorufin,	bromocresol	purple,	bromophenol	
blue,	phenol	red	and	a	dinuclear	complex	of	
rhodium	–	silica	and	alumina	
Sea	bream	 Zaragozá	et	al.,	2013	
Bromocresol	purple,	bromothymol	blue	
sodium	salt,	m-cresolsulfonphthalein,	
resorufin	and	a	dinuclear	rhodium	complex	–	
silica	and	alumina	
Atlantic	salmon	 Zaragozá	et	al.,	2014	
Thymol	blue,	bromocresol	purple,	
bromothymol	blue	sodium	salt,	bromophenol	
blue	and	a	dinuclear	rhodium	complex		–	
aluminium	oxide	and	silica	gel	
Squid	 Zaragozá	et	al.,	2015	
4-(dioctylamino)-4ʹ-
(trifluoroacetyl)azobenzene	–	PET	films	
Ground	meat	and	
salmon	
Lin	et	al.,	2015	
Corn	Starch,	Chitosan	and	red	cabbage	extract		 Fish	 Silva-Pereira	et	al.,	
2015	
Ph	indicators	and	others	 Fish	 Morsy	et	al.,	2016	
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TABLE	4	
Sensor	-	support	 Application	 Reference	
9	metalloporphyrins	and	3	ph	indicators	–	C2	
reverse	silica-gel	flat	plate	
Chicken	 Chen	et	al.,	2014	
9	metalloporphyrins	and	3	ph	indicators	–	C2	
reverse	silica-gel	flat	plate	
Chicken	 Chen	et	al.,	2014b	
9	metalloporphyrins	and	3	ph	indicators	–	C2	
reverse	silica-gel	flat	plate	
Chicken	breast	fillets	 Urmila	et	al.,	2015	
9	porphyrins/	metalloporphyrins	and	3	ph	
indicators	
Chicken	 Khulal	et	al.,	2016	
Two	groups	of	ph-sensitive	dyes	 Skinless	chicken	
breast	
Rukchon	et	al.,	
2014	
Ph	indicators,	Lewis	acids,	hydrogen-bonding	
derivatives,	selective	probes	and	natural	dyes	
–	UVM-7,	silica	and	alumina	
Chicken		 Salinas	et	al.,	2012	
13	indicators	–	silica	and	alumina	 Boiled	marinated	
turkey	meat	
Salinas	et	al.,	2014a	
Malachite	green,	m-cresol	purple,	br-cresol	
purple,	squaraine	salt	and	a	pyrilium	salt	–	
UVM-7	and	alumina	
Pork	sausages	 Salinas	et	al.,	
2014b	
9	metalloporphyrins	and	3	ph	indicators	 Chicken	 Chen	et	al.,	2016	
9	ph	indicators	–	2,4-	dinitrophenylhydrazine	
(DNPH)	
Cooked	chicken		 Kim	et	al.,	2016	
	 	 Li	et	al.,	2014	
9	metalloporphyrins	and	3	ph	indicators	–	
silica-gel	flat	plate	
Pork	 Li	et	al.,	2015	
Natural	pigments	(spinach,	red	radish,	winter	
jasmine	and	black	rice)	
Pork	 Huang	et	al.,	2014	
9	metalloporphyrins	and	3	ph	indicators		 Pork	 Li	et	al.,	2016	
Anthocyanins	–	agar	and	potato	starch		 Pork	 Choi	et	al.,	2017	
8	porphyrins	/metalloporphyrins	and	8	ph	
indicators	
Yao-meat	pork	 Huang	et	al.,	2014	
8	porphyrins	/metalloporphyrins	and	8	ph	
indicators	–	tio2		
Yao-meat	pork	 Xiao-Wei	et	al.,	
2016	
9	natural	pigments	–hydrophobic	nanoporous	
film	
Yao-meat	pork	 Xiaowei	et	al.,	2015	
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Bromophenol	blue	–	filter	paper	 Buffalo	meat	 Shukla	et	al.,	2015	
Trinitrobenzene	derivatives	–	transparent	films	
and	fibres	
Tuna	and	beef	 Pablos	et	al.,	2015	
Litmus	paper		 Beef		 Kuswandi	et	al.,	
2015	
20	different	chemical	mixtures	 Chicken,	pork,	beef,	
fish	and	shrimp	
Li	et	al.,	2016	
9	metalloporphyrins	and	3	ph	indicators	 Chicken	 Khulal	et	al.,	2017	
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TABLE	5	
Sensor	-	support	 Application	 Reference	
Sensing	dye	–	different	polarity	nanoparticles	
(in	different	ratios)		
Amines	 Soga	et	al.,	2013	
Metallization	reaction	of	Au	nanorods	(nrs)	
induced	by	silver	
Biogenic	amines	 Lin	et	al.,	2016	
Ph	indicators	–	nanofibrous	membranes	 Ammonia,	biogenic	
amines	
Geltmeyer	et	al.,	
2016	
Bromocresol	green	–	polyacrylonitrile	
nanofibers	
Ammonia	 Hoang	et	al.,	2016	
Tricyanofuran	hydrazine	 Ammonia	 Khattab	et	al.,	
2016	
Natural	dyes	(red	cabbage	and		flower	of	rose)	–	
filter	paper	
pH	changes	 Shukla	et	al.,	
2016	
Methylene	blue	–	hydroxypropyl	cellulose	 Time	 Mills	et	al.,	2017	
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